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NOTICE 

UNfiED STATES PATENT OFFICE SECRECY ORDEZ? 

A patent application has been filed in the U, S. Patent Office by Narth 
American Aviation, Inc. based upon subject matter inchded herein or 
related hereto, and the Secrecy Order appended heretohasbeen issued 
thereon pursuant toTitle 35, Unitedstates Code (1952) Sections 181-188. 
Further dissemination of said subject matter is prohibited except in 
st r ic t  compliance with said order. The recipient of this document b 
requested to notify all persons who will have access to thie material& 
the Secrecy Order. Penalties for violation of a Secrecy Order includa 
a fine of up to $10, OOO or  imprisonment for not more than two you., 
or both. 

DEPARTMENT OF COMMERCE 
Unlted States Patent Office 

Washington 

SECRECY ORDER 

NUTEE: To the'applicantabove named, his heirs, and any and all 
hisassignees, attorneys and agents, hereinafter designated principals: 

You a r e  hereby notified that your applicationas above identified has 
beenfoundtocontain subject matter, the unauthorizeddisclosured which 
might be detrimental tothe public safety or  defense, and youare ordered 
in nowise to publishor disclose the invention o r  any material information 
with respect thereto, including hitherto unpublished details of the subject 
matter of said application, in any way to any person not cognizant of the 
invention prior to the date of the order, including any employee of the 
principals, but to keep the same secret  except by written permission f i r s t  
obtainedof theCommissioner of Patents, under the penalties of 35 US. C. 
(1952) 182, 186. 

Any other application whichcontains any significant part of the subject 
matter of the above identified application falls within the scope of this 
order. If such other applicationdoes not standunder a secrecy order, 
it  andthe common subject matter should be brought tothe attentionof the 
Patent Security D'ivision, Patent Office. 

If prior to the issuance of the secrecy order any significant par t  of tbe 
subject matter has  been revealed to any person, the principals shall 
promptly inform such person of the secrecy order and the penalties for 
improper disclosure. 

This order should not be construed in any way to mean that the Govern. 
meat .has adopted or contemplates adoption of the alleged invention die- 
closed in this application; nor is it any indication. of the value of such 
invention. 

DEPARTMENT OF COMMERCE - 
United Stater Patent Officr 

Washington 

PERMTT A 

An order of secrecy having been issued in the above-entitled applica- 
tionby theCommiasioner of Patents, theprincipalsas designatedin satd 
order areauthorized todisclose the subject mat ter to  anyperkon d the 
classes hereinafter specifiedifsuchpersonisknown totheprinci@dir- 
closing to be concerned directly in an officialcapacity withthe subject 
matter, providing thatall reasonable safeguardsaretaken to o therwl~  
protect the invention from unauthorized disclosure. The specified 
classes  are-- 

(a) Any officer o r  employee of any department, independent ngency 
or  bureau of the Government of the United States. 

(b) Any person designated specifically by the head of any de-- 
ment, independent agency or bureau of rhe Goverpment of the 
United States, o r  by his duly authorized subordinate, 86 a 
proper individual to receive the disclosure of the above indi- 
cated application. 

The principals under the secrecyorderarefur ther  authorizedtodis- 
close the subject matter of this application to the minimum necessary 
number of persons of known loyalty and discretion, employedby or work- 
ing with the principals o r  their licensees and whose duties involve co- 
operation in the development, manufacture or use of the subject matter 
by or for the Government of: the United States, provided such persona 
a r e  advised of the issuance of the secrecy order. 

The provisions of this permit do not inany wayleseen responsibility 
for the security of the subject matter as imposed by any Government 
contract of the provisions of the existing laws relating to espionage urd 
national security. 
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D O  . 

FOREWORD 

This report was prepamd i n  conrpliance with the requirements f o r  the  

National Aeronautics &d Space Mministration Contract, NAS 84001, 

Investigation of Engine-component Integration Study. Technical monitors 

have been the Liquid Pmpulsion Systems of f ice  at NASA headquarters and 

the Engine Systems branch a t  the Marshall Space Flight Center. 

M S T F ? T  

(Unclassified Abstract) 

I The analyses and results of the investigations conducted under the National 

Aeronautics and Space Administration Contract, NAS 84001, Investigation 

of Engine4omponent Integration Study, are summarized i n  this =port. 

Component concepts f o r  functional and packaging integration were investi-  

gated for spacecraft and boosters. Spacecraft propellant combinations 

more-promising concepti. 

FORM 600.0 (LEDGER) REV. l - S O  
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INTRODUCTION 

The superior simplicity and r e l i ab i l i t y  of pressure-fed systems am 

frequently the masons f o r  their selection i n  applications which 

would othemise suggest the use of. pump-fed systems. Examples’ of 

such applications are those wherein mall propulsion-system volumes . 

and/or long f i r ing  durations am desirable (or requimd), but ths 

addi t ional  requirements of maximum simplicity and r e l i a b i l i t y  preclude 

the use of typical pump-fed systems. 

This study was in i t ia ted  to  investigate methods of making pump-fed 

systems more competitive with the simp1 c i t y  of pressure-fed systems, 

and t o  investigate other concepts which could possess the desirable 

character is t ics  of both pump-fed and pressure-fed systems, but would 

riot necessarily use conventional methods of pumping. 

. 
1 
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OBJECTIVES AND SCOPE 

The general objective of this study has been t o  evolve system concepts 

which could possess, i n  some measure, the high-chamber-pressure cap- 

a b i l i t y  (small envelope) of pump-fed systems, and y e t  be simpler and 

mom r e l i ab le  than existing pump-fed Systems, The primary mechanism 

which was t o  be used t o  effect this objective was component integration - 
both physical integration and functional integration, 

More specifically the objective was t o  evolve systems which, because of 

t h e i r  more e f f ic ien t  use of volume; possess greater operational-sim- 

p l ic i ty ,  lower weights, and higher m l i a b i l i t i e s  than can be attained 

by conventional pump-fed systems. 

Concepts t o  be investigated were  t o  be applicable t o  advanced booster 

systems using Kl2m*2 and ID2/PS-l; arcd t o  spacecraft systems using 

ID~JLH~, IJ?~/LH~ and N ~ O @ ~ H ~ - U D K E  (50-9) as propellants, Spacecraft 

systems were t o  be considered f o r  both conventional and advanced nozzles. 

The more-promising system and/or component concepts were t o  be selected 

f o r  pxelimhary design and layout, 

-~ 

2 
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GENERAL METHOD OF APPROACH 

The general method of approach was t o  first minimiz;e system complexity 

through functional analysis and integration, and then t o  investigate 

methods of physic&lly integrating the required components. Emphasis 

for t h i s  latter phase was on.component integration; however, componsnt 

integration cannot be completely separated from system integration, 

so a pa r t  of t h i s  e f T o r t  has consisted of system integration, &.e., 

definit ion of the o v e r 4  engine wnfiguration. 

-- - 

Ths-functional analysis and integration e f for t  consisbd, i n  part,.- - 

of compiling operational data on a large number of  existing pump-fed 

propulsion systems, and ar rang ing  these data in to  a nmorphological~ 
' i 

chart  (Figure 1 ). The purpose of this chart i s  twofoldt (1) It 

provides a simple means of manipulating existing concepts t o  form 

novel combinations which might prove t o  be significantly better than 

existing configurations, and (2) It is 811 aid i n  evolving novel concepts, 

f o r  it indicates what is inherent i n  a pump-fed system, and what is 

jus t  a function of sora particular design. 

l e f t  of the chart indicate there are essent ia l ly  three things tha t  all 

The headings to  the extrem 

pump-fed systems require, namely, a feed system, an igni t ion system, 

and a control system. Thus, ef for t  on the evolution of new concepts 

should be directed a t  novel methods of performing these three basic 

function8. 

3 
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--- 
~ h e  investigation of concepts possessing the desirable characterlsWcs 

of both pump-fed and pressure-fed systems, but not using.conventional 

pumping methods, was similarly directed. 



The more-promising concepts have been selected i n  three categories: 

(1) System concepts with turbopumps 

I (2) System concepts without turbopumps 

(3) component concepts 

Most concepts were evolved for specific propellants and thrust levels 

(spacecraft o r  booster), however, their use is not necessarily res t r ic ted 

t o  these qplicat ions.  The applicabili ty of each concept t o  all pro- 

pel lants  and thrust levels  w i t h i n  the scope of this program has been con- 

sidered, and the conditions required for applicaPili ty in the VUSOUS 

areas am indicated. ”-) 

The more-promising system concepts were selected on the basis of ratings 

for operational simplicity, weight, and r e l i a b i l i t y  (see Vol. II) . 

The selected functional configurations for  systems using turbopumps are 

discussed W o w ,  The discussion includes system operational character- 

i s t i c s  and advantages, a s  well as preliminarydesign layouts of possible 

engine - s y s t e m  packages. 

6 
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Space craft 
r- 

Figure 2 contains schematics of the selected functional spacecraft 

(3) NW510-50 (w-m 307) 

All of these systems derive much of t h e i r  simplicity from the use of 

propellant-actuated valves, and the thrust chamber tap-off concept f o r  

a turbine power source. The use of  propellant-actuated valves has - 

been proven using non-cryogenic f lu ids  (for example, Rocketdyne's H-1 

engine). 

a significant simplification for systems wherein both propellants are 

cryogenic. 

This method of actuation f o r  cryogenics i s  novel and provides 

A br ie f  description of the operational sequence f o r  system 101 is givep 

below; operation of the other systems is similar. 

The primary events i n  the start sequence f o r  system 101 are as follcmst 

(1) Electr ical  start signal  opens the nonnally closed start- 

tank valve (STV), and closes the normally open oxidizmr cut- 

off valve (OW) 

(2) Gas from the s t a r t  tank accelerates the turbopumps and 

pmssllre starts to buildup i n  the main lines. 

7 
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Systen 201 

Spacecraft System Schematics 

FORM 608-El (LEDGER1 REV. l.Sb 
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(3) Main fuel valve (MET) is opened by fuel p ~ s s a r e  in ths 

main line; the igniter-oxidizer valve (mechanically 

linked t o  the m e  fuel valve) is opened; lines start 

t o  prime, and propellants start t o  burn i n  the cat- 

a ly t i c  ignition-chember. 

Ignit ion stage i s  achieved. 

Ignition-stage chamber-pressure opens the main oxidizer 

valve, and chamber pressure starts t o  rise. 

Pressure switch (PS) i n  the tap-off line is actuated 

by the pressure from the chamber indicating the system 

is ready t o  bootstrap; actuation of this switch (which 

i s  e lec t r ica l ly  l i n k e d  t o  the starbtank valve) de= 

energizes (closes) the start-tank valve (STV), 

The system bootstraps, and mainstage ensues. 

"he start-tank is ref i l led  Xrom the thrust-chamber cooling 

jacket, 

The cut-off sequence is: 

(1) Cut-off signal de-energizes two solenoid valves: the 

oxidizer cut-off valve (OCV), and the start-tank valve; 

the l a t t e r  was already deenergized by the pres= switch 

i n  the tap-off l ine,  but t h i s  additional open switch in 

the c i rcu i t  is required t o  prewnt  the valve from opening 

when the pressure switch is deactuated bxdecaying tap- 

off .pres sure. 

9 
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d . 

(2) De-energizing the OCV sends oxidizer t o  the closing 

ports of th Mov, thus closing it; 

(3) Chanber pressure decays, and the main fue l  valve closes; 

cut-off is .effected. 

Figures 3 and I contain typical, in tega ted ,  over-all spacecraft engine 

configurations . 
The system s h m  in  Figure 3 a m  representative of low-thrust (approx- 

imately LO K advanced-nozzle, spacecraft engines. Figure 3 (a) is f o r  

systems ysbg -dual-shaft turbopuqs, f o r  example, 02/H2 o r  Fd€i2.  systems; 

F i v  3 (b) is for systems using single-shaft t u r b o p q s ,  f o r  example, 

N T O / ~ O - ~  systems. Figure 4 shows representative configurations for 

the same type engines using bell ikrust chambers. 

The 02/H2 spacecraft systems (multiple-start) have a simplified igni t ion 

system bawd on the use of a catalyt ical ly  ignited mixture of 02/II2. 

The 02/H2 igniter flow is passed through a ca ta lys t  pack whereupon it 

ignites, thus providing an ignition.method f o r  the m a i n  flow which 

aqproaches the simplicity of mergoI3-c systems. 

The N T O / s - s  systems are fur ther  simplified by use of a novel start 

method, narely, a stored-gas spin-start s y s t e m  using stored gases which 

are obtained from the thrust-chamber tap-oif line during engine operation. 

I 
I 
I 

.' 
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Results of the start-system analysis conducted as a par t  of th is  program 

indicate this i s  a feasible method of achieving a multiple-start capa- 

b i l i t y  f o r  NTO/!&S systems (see Vol. 11). 

Boosters 

Schematics of t h e  selected functional booster  systems which are fo r  

the O& ( s y s t e m  103) and 02~FP-l (systen LOl) propellant combinations 

are shown i n  Figure 5 . 
These systems are similar t o  the spacecraft systems i n  tha t  the use of 

propellant-actuated valves and the tap-off concept are the primary 

fac tors  contributing t o  s y s t e m  simplification. 

The operational'sequences f o r  systems 103 (02/H2) and 401 (02Jb.P-1) am 

similar. These sequences are very much l ike t ha t  f o r  s y s t e m  101; the 

notable differences axe: 

t o  s t a r t  the turbopump(s) instead of stored gas, (2) igni t ion is accom- 

plished using a hypergolic slug instead of catalyt ic  ignition, and 

(3) the oxidizer cut-off valve i s  a pyrotechnic valve rather  than a 

(1) a solid-propellant gas-generator i s  used 

solenoid valve. 

S t a r t  i s  usually required for  booster application. 

These differences result from the f a c t  tha t  only one 

Figure 6 shows representative configurations f o r  high-thrust (approx- 

imately 6M), integrated, over-all engine configurations; both concepts 

u t i l i z e  the aerodynamic-spike advanced-nozzle concept (Ref. 1 ). 
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7 

Figure 6 (a) is fo r  a single turbopump, single-shaft pump s y s t e m  (O@P-l)j  

whereas Figure 6 (b) is f o r  a multiple turbopump ( b ) ,  dud-shaf't pump 

system (02/H2)r It should be noted t ha t  the optimum number of pumps haa 

not been detemined f o r  e i the r  of these propellant combinations as a 

par t  of t h i s  program. The numbers of pumps fo r  the systems shown in 

Figure 6 were selected a rb i t ra r i ly  w i t h  the intent  being t o  contrast  

single-pump and multiple-pump system-configurations 

To recapitulate, it has been shown i n  this section how the following 

could be functionally integrated, and packaged i n t o  compact engine- 
_. . system configurations 

(3) 

Thrust cnamber and turbine4rive power source (tap-off), 

Igni t ion system and main-propellant system (catalytic 

igni t ion - = 02/I12 qmterns), 

Valveactuation system and main-propellank system 

(propellant actuated valves, especially those actuated 

with cryogenic fluids), 

System valves (through use of mechanical and fluid inter- 

connections wherever possible), and 

Sta r t  system and steady-state turbine-drive system (tap- 

off gas-spin start - - N T O / ~ - ~  systems). 

. 
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. 

SYSTEN CONCEPT WITIiOuT !l!URROPUMPS 

Part of this study was directed a t  evolving concepts .having high-chamber 

pressure capability, but not having the complexity usually associated 

w i t h  the use of turbopumps. As used above, high chamber pressure 

means higher than w o a d  be pract ical  f o r  a conventional pressure-fed 

system. A number of such concepts was investigated and evaluated; the 

most promising of these i s  the pulsing engine. 

The pulsing engine is a pressure-fed, high chamber-pressure, law tank- 

pressure, pulsing engine. The primary features of the engine are check 

valves near the inject05 and main propeliant-valves (Figure '7 (a)), 

check valves are sized so a nlargeft amount of propellant flaws i n t o  

The 

the chamber before chamber pressure builds up enough t o  close the check 

valves. 

large value (considerably greater than tank pressure) which closes the 

check valves. Chanber pressure decays, the check valves open, and the 

cycle is repeated. 

form t h i s  concept could assume. 

Figure 7 (b) should be easier  to  test and develope. 

operates in a similar fashion; the on ly  duference being tha t  propellant 

f l o w  is regulated by an e lec t r ica l ly  actuated valve. 

The propellant burns and the chamber pressure builds up t o  a 

This configuration probably represents the simplest 

A slightly less simple configuration, 

This configuration 

The latter system 

FORM 6 0 8 - 0  (LEDGER1 REV 1 18 
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was used in making a payload comparison w i t h  a pressure-fed s y s t e m  

(see Vol, 11). The results of this comparison indicate the pulsing 

engine has a mall  payload advantage (approxhately 2.5% f o r  OV = 10,000 

f.p.s.) and a substantial size advantage, Figure 8 . 
Althocgh it is diff icul t  t o  assign a meaningful r e l i a b i l i t y  t o  t h i s  

concept because o f  i t s  novelty and the lack of applicable t e s t  data, in- 

dications am that it should be significantly more reliable than a 

conventional pump-fed system. 

CQplpONENT col?mTs 

A number of component concepts has been evolved and evaluated. 

more promising of these am: 

The 

(1) Propellant-actuated valves (especially f o r  systems 

wherein both propellants are cryogenic). 

(2) A concept f o r  integrating multipleqoppet main- 

propellant valves i n  injectors, 

A "three-leg" gimbal system which integrates the gimbaling 

device, thrust structure, and propellant ducts. 

(3) 

FORM 608-0  (LEDGER) REV. 1.58 
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a 

C ryoge nic-Ac tuated V a l v e  8 

Figures 9 and 10 contain layouts of some propellant-actuated valve 

configurations; these configurations implement the functional integra= 

t i o n  discussed aDove (see Vol, I1 f o r  operational detai ls) ;  the valves 

i n  Fikure 9 

rm/So05o system. 

were evolved f o r  an 02/H2 system, those of Figure 10 f o r  an 

Ehltiple-Poppet M a i n - V a l v e s  

The selected multiple-poppet main-prapeilant valve concept (Figure ll) 

i s  more advantageous f o r  large engine-systems, that is, systems having 

p r o p e l l a t  flowrates large enough tha t  use of a single valve for each 

propellant could present serious packaging and propellant-distribution 

problems. 

these valves have no low-leakage dynamic seals. 

a s t a t i c  seal, @ Figure U ( a ) ;  leakage around the poppet i s  sLrnply 

r e t m e d  to the pump-inlet through the p i l o t  manifold. 

are held closed by main-line propellant pressure a t  @ (Figure U(a) ) 

and the springs. Venting the pressure at  @ allows the same pressure 

a t  @ t o  open the valves. 

In  addition t o  the advantages of compactness and simplicity, 

The only  real seal i s  

The poppets 

21 
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The "three-leg gimbaln concept integrates the giriibril bearing, thrust 

stracture, and propellant i n l e t  ducts as shown i n  Figure 12. This 

places the gimbal point closer to  the engine center of gravity, thus 

reducing the requiEd actuator loads. It should a l s o  be l igh te r  and 

more compact than the components it replaces. 

A s  shown, the tlthree-legn gimbal u t i l i z e s  the ncantedN bellows concept. 

Tn i s  concept allows a flexible jo in t  i n  a propellant l ine  t o  bend about 

axes other t h a n  those perpendicular t o  the propellam-line ~ A S .  
-_. --- -. - ~- 

This 

concept i s  discussed fur ther  i n  the section on suggested additional 

Work. 
! 

t 



ROCKETDYNE 
A D I V I S I O N  OF N0-T- A M E R I C A N  AVIATION.  INC 

- -b- n 

P F  R S P F C T I V C  

Three-Leg Gimbal Installation 

Figure 12 
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SUGGESTED ADDITIONAL WORK 

The potential  advantages associated w i t h  the use of several of the 

more-promising concepts described above are at t ract ive enough t o  warrant 

further a n a l y t i c a l  and/or experimental investigations t o  ver i fy  t h e i r  

feasibi l i ty ,  and to obtain bet ter  estimates of t he i r  potential. Brief 

outlines are p=sented below f o r  investigations that  would help estab- 

l i s h  the value o f  a nurnber of these comepts, These concepts are8 

(1) Actuation of main-propellant valves using cryogenic 

fluids, 

(2) Use of stored t a p a f f  gases f o r  gas-spin s t a r t  of 

K K I / ~ o - ~ o  multiple-start systems 

(3 )  llThree-'legtl gimbal system 

(4) Pulsing engine 

The outlines presented are intended to describe general approaches to 

the investigation of these concepts tha t  would uncover any major short- 

comings as quickly as possible. 

eff ic ient ,  modest-cost, investigation programs f o r  these concepts. 

That is, the in ten t  has been t o  outline 

CRYO3EN IC-ACTUATED VALVES 

Using a non-cryogenic rrain-propellant t o  actuate valves has proven 

t o  be a simple and reliaSle methoa of actuation fo r  Rocketdyne's €Id 

engine, The sane advantages apparently exist f o r  valve actuation w i t h  

0 
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cryogenic propellants. 

control valve has been successful; however, this valve is too small and 

i t s  actuation stroke too short t o  make extrapolation of t h i s  success to 

cryogenic-ac tuated main propellant valves reasonable. 

Rocketdyne 1s use of a small cryogenic-actuated 

Investigation of cryogenic-actuated m a i n  valves is ideal ly  suited t o  a 

program apart from the development of a conplete propulsion system. The 

reason f o r  thisis tha t  despite the advantages of  the concept, there is 

enought uncertainty about i t s  applicabiZity t o  a complete propulsion 

system t o  make i t s  inclusion as par t  of a proposed system premature. 

A combined analytical  and experimental program t o  evaluate t h i s  concept 

would be directed at  answering the following questions: 

(1) 

(2) 

C a n  valves be sat isfactor i ly  actuated using cryogenics?, 

If the valves must be pre-conditioned before actuation, is 

the required pre-conditioning pract ical  in a system application? 

The over-all objectives of the  investigation could be t o  formulate an 

analytical  model of cryogenic-actuated valves, and t o  conduct a l imited 

experimental investigation for use in  developing and/or verifying the 

va l id i ty  of the model. Ultimately the model could be extended t o  tho 

analysis of complete systems using cryogenic-actuated valves. Such a 

model should be useful in  determining which cryogenic fluids could be 

used f o r  valve actuation. 

required for eff ic ient  design of this t k e  of valve. 

It could also provide the design infonuation 

28 
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The experimental. portion of the investigation could i n i t i a l l y  consist  

of the re-design and tes t ing of an existing propellant-actuated valve, 

so  it could be cryogenic-actuated. 

rapid means of getting an indication of whether o r  not cryogenic-actua- 

t ion  has peculiar problems. 

This could provide a comparatively 

This testing could a lso  provide initial 

data points f o r  development of the analytical  model. 

TAP-OF'F GAS SPIN-START 

Stored thrust-chamber tap-off gases could provide an extremely simple 

means of restart ing an NTO/sO-sO spacecraft system. 

extract  fuel-rich gases from the thrust  chamber and store them i n  a 

This system would 

pressure bottle f o r  use i n  a spinning the turbine(s) f o r  the next start. 

The start-system analysis conducted during t h i s  program indicated t h i s  

concept is feasible fo r  s ta r ted  tap-off gases tha t  have cooled t o  tempera- 

tures as low as 70°F (See Vol. 11). 

can probably be accommodated without special provision, since other 

factors may well require such a temperature environment f o r  the vehicle 

T h i s  70°F temperature requirement 

and/or propulsion system. 

these resu l t s  because t h i s  analysis was based on assumptions regarding 

the properties of the gases a f t e r  an extended storage time which may 

not be valid. It was assumed tha t  the gas composition after storage 

(and cooling) could be determined by extracting heat from the gases i n  

t he i r  initial s ta te  and determining the new thermochemical equilibrium 

Further work is required t o  substantiate 

1 composition. 

.- 
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AddLtional work on t h i s  concept should consist of a determination of 

the true gas properties f o r  various storage conditions, and the fomu- 

l a t ion  of a detailed s t a r t  model t o  clearly defins the conditions under 

which the concept should be used. 

Use of the nthree- lee  gimbal concept allows ready integration of the 

gimbal system and propellant in le t  ducts while placing the g b b a l  center 

close t o  the propulsion-system -centerdf - g r - ~ t y  (thus reducing gimbal- 

actuator loads), In  addition, it could provide a more ef f ic ien t  distri- 

bution of thrust to the propellant tanks, 

Additional work on t h i s  concept should consist of dpamical studies to 

determine the significance of the reduction in actuator loads resiting 

from the favorable location of the gimbal center, and fabrication of a 

model f o r  demonstration of feasibil i ty.  

serve t o  investigate the "canted" bellows concept, Although the %antad" 

EfTort on this model could also 

bellous has been used during this program primarily as a par t  of the 

"thme-legu gimbal system, it i s  apparent t ha t  i t s  use could substantially 

simplify some i n l e t d u c t  configurations . f o r  systems using conventional 

girabwng methods. 
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The pypose of the canted bellows is t o  allow a f lex ib le  joint in a 

propellant l ine t o  bend about axes other than the ones perpendicular 

t o  the l ine  aAs. Figure l3(a) shows a conventional bellows and line 

arrangement, 

"he propellant l ine can bend about a x i s  A-A and B=3 wizhout rotat ing 

one half of the l i ne  relative t o  the other, 

constant-velccity univers2l-joint. 

sane bending axes A-A and B-B and torque-resisting axis Y-Y, bilt change 

the propellant l ine  axis to  X-X as shown in Figure 13 (b) . This config- 
uration allows the pr0pellm.t line t o  be rotated relat ive t o  the torque- 

res is t ing axis Y-Y. 

s e t  up independent of the direction oi' the propellant l ine,  thus allowing 

The propellant-line and torque-resisting axis is Y-Y. 

"he bellows ac t s  as a 

Assume it is desired t o  keep the 

0 %e benaing and torque-resisting a,xes can now be 

greater packaging freedom, 

The bellows shown i n  Figure l3(b)  are comparatively large. To reduce 

the bellows size, the canted bellows shown i n  Figure l 3 ( c )  are used. 

These bellows com555-e the mooth propellant flow and s m a l l  size of the 

Figure 13 (a) bellows and %he packaging freedom sham i n  Figure 13 (b) 
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PULSING ENGINE 

A pulsing engine (especially with hypergolic propellants) i s  potentially 

more re l iable  and Smaller than a comparable conventional pump-fed 

s y s t e m .  Should it prove feasible a t  a reasonable performance level, it 

could truly provide a system having the more desirable features of both 

presstrre-fed and pump-fed systems. 

A fur ther  investigation of t h i s  concept should be directed a t  the primary 

unknowns associated with the concept. These are: (1) combustion perfor- 

mance f o r  pulsing operation, (2) injector-cooling during pulsing operation 

with high charnber pressures and Uttle o r  no coolant fiow, and (3) feed 

system and valve dynanics. 

The combustion performance investigation could consist of de sigdng and 

tes t ing low thrust ( less  than 1000 pounds) injectors  t o  define high- 

performing configurations. A primary problem would be achieving high 

perfoimance with a low enough injector pressuredrop t o  keep the tank 

pressure law. 

Injector cooling w h i l e  there is no pro2ellant flow during pulsing W i l l  

probably require novel concepts i n  injector  cooling. 
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. 

Should promising results be obtained in the above two areas, analytical 

and design efforts could be initiated to consider feed-system and valve 

dynamics, and valve design. These efforts  would define system and valve 

configurations for v8FIous thrust levels. Novel valve concepts m a y  be 

required for the larger thrust levels because of the valve cycle-retea 

m-d. 
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IiEVIlW OF OTHER CONCEPTS 

A brief  review i s  presented below of some of the other concepts considered 

and/or evaluated, but not selected as being among the more promising ones. 

These are the more interest ing of the concepts t h a t  w e r e  not selected. A 

complete l i s t i n g  of the concepts considered is presented i n  the Vol. 11 

The concepts dmcussed below are: 

Tap-off end p la tes  =-= a method of extracting turbine- 

drive gases from large toroidal combustion chambers, 

Cartridge turbopump concept - a modular apnroach 4- t o  

the packaging of multiple-turbopump systems, 

Integrated turbine-spin start-system -- a highly- 

integrated bi-propellant start-system package f o r  an 

Nm/SO-SO s y s t e m ,  

A tubular spherical combustor f o r  low-thrust annular 

engines which could be used f o r  thrust-vector control. 

TAPICFF EM) PLATES 

The t a p o f f  end plate (Fig. 4) i s  a concept for extracting turbine-dz5.m 

gases from a toroidal combustion chamber, It is part icular ly  applicable 

t o  large-thrust engines where it could be used t o  jo in  the segments of a 

segmented toroidal-combustor as shown i n  Fig. 5 (b). 
gases would be removed from the end p la tes  thereby eliminating the need 

Thus the tep-off 
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TAP-OFF OUTLET 

BAFFLE PLATE 

OXIDIZER INLET 

FULL INLET 
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TAP-OFF END PLATE 
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f o r  a collector manifold along the length of the chamber. 

Fig. a, the end plates  could include fue l  h j e c t o r s  t o  reduce the 

l oca l  mixture ratio fo r  turbine operation; o r  shoula it be desirable t o  

minimize circumferential gas movement i n  the conbustor, the end p la tes  

could contzin both fuel  end oxidizer injectors, with the p r a p l l a n t s  injected 

a t  the end plates being sufficient f o r  turbine Operation. A brief comparison 

of  end plate  and. other t q - o f f  concepts fo r  toroidal conbustcrs has been 

As shown in 

made (see VO~. II)., 

The %artridgem concept of  component integration and packaging is widely 

used f o r  valves and similar components. 

packaging i s  t o  a l low components t o  have common structural. elements, 

thereby reducing the package size and weight. 

cept t o  the pack~ging of turbopumps as shown i n  Fig, 15 provides similar 

Tne object of this method of 

The extension of this con- 

benefits; i n  addition it is adaptable t o  moaular padcaging f o r  multiple- 

turbopump configurations, Fig, 16. 

BI-PflDPEUANT STARTSPSTEM 

The integrated turbine-spin start-system, Fig. 17, i s  a highly-integrated, 

bi-propellant (NM/SO-s) start-system. 

propellant start-tanks; gas-generator combustor; closely inkgra ted  

This compact package includes: 

37 



Cartridge Concept, Single Turbopump 
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injector and propellant valves; combined propellant valves and check 

valves to  prevent tap-off gases from flowing into the s t a r t  s y s t e m  during 

steady-state operation. This type of start-system could be used, i f  the 

tap-off gas spin-etart concept should prove infeasible. 

TUBULAR SPI-EXICUOmSWR 

The tubular spherical-combustor, Figure 18, is an extens,m of the ,ubular 

toroidal-conbustor concept t o  a sgherical configuration. As shown in 

Fig. 18(b), this concept may be usaole for thrust vector control. 

concept may be especially applicable t o  low-thrust annulzr engines. 

Ths 
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(1) Martinez, A., e t  al, Aerodynamic Nozzle Study, Rocketdgns Report 

R-5381, October 1963. 
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